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RESULTSOF T_Y MA22 _NTHENASAILaRC3I-INCHGFHT ' "

ON AN O.OIO-SCALEMODEL(_0) O_ THE

SPACESHUTTLECONFI_URAYION3 TO DETERMIN_

RCSJET FLOWFIELDINTERACTION

by

•D.B. Kanipe
- EngineeringAnalyslsD4viSlon

JOhnson_paceCenter

ABSTRACT

Test MA22was conducted tn the Langley ResearChCen_e_31-fnch _on- _ :

tlnuousFlowHype_sonlcWindTunnelfromMay 6, 1975throughJune3, lgT_ _ j:
• " i

The primaryobjectivesof thistestweffethefOllowlng:I) tostudy the I
l

abilityoFthe wlnd tunnelto repeat,on a run-to_runBasi_,datataken

for _d_nttCal configurations to determine t@errors in repeatability could

, havea slgnIflca_te_fecton jet JnteP_ctlondata, _) t6 det_minethe

_f_ectof modelheatingon jet Inte_ac¢1o_,3) tO Investlgatetheeffects

o_ elevonand bOdYflapdeFle_tJon_on RCS jet inte_attlon,4} to deter-

mine_ theeffect__Po_J_ts¢_Pedseparatelyalongd_ffe_entaX_scan be

addedto equaltheeffectso_ thejets firedsimultaneously(superposition

e_fedts)_5) to studYmulti_iejet_ffects,a_d 6) tO Investlgatearea

ratioeffects,i.e.,the e_fectoffjet Interactionm_asu_eflt_of uslflg

_bZ%le{ With different area Pa%iostb the samelocation. The _odel used

in the test was a .010-scale model b_ the SpaceShuttle OPbltePConfigu-

, ill

• • • . .
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dAI;S?RACT(¢oncl.ded) :,
1

_at.toh 3. The t(_st wascohduc_:edal; I_ch 10.3 ahd a dynamic_re;_u_e o_ W

150pSf. RC$CllambePple(Surewas varledto slmulate_ree¢ilghtdyeamic , .-!

p_essuPesof 5, 7.5,10,and 20psf.

•. ,,. "'F."_."."..'" "....•......_............ "........." ......... ;" ,":" , .., .................................._.,,,,,.._,.,.__,,_,.,_";"t_"
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_ INDEXOFDATAFI_JRE$(Co_l¢luded} "

SCHEDULEOFCOEFfICieNTSPLOTTED:

(A) CN, CLM,CAU,CBL,CYN,CYversus ALPHA

(B) CLMoCNvePsusALPHA

(C) CBL, CYNversus BETA :

(D) CN, CLM,CAU,CBL, CYN,CYversus CEMP

(E) OLTCN,DLTCLM,OLTCAU,DLTCBL_DLTCYN,DLTCYversusTEMP

(F) DLTCN,DLTCLM,DLTCAU,DLTCBL,DLTCYN'DLTCYversusALPHA : _'

(G) NCNF),N(PM),N(AF),N(RM),NCYM),N(_F)verSuSQA/T

(H) N(PM).,N(RM),.N(YM),N(NF),N(AF),N(SF)versusALPHA

(I) ON(NF),'DN{PM),DN(AF),ON(RM),DN(Y_),DN($F)versusALPHA i
?

(_) N(_M),N(RM),N(YM),N(NF),N(AF),N(_F)vePSuSBETA '

]]

J
............................ }_;_v_

. _._-"-'............--:................. .. --_ . ..T
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SAD_At

M MAC"/ Msch huMD41";V/8

p p_ure: l_lm_-, _f

q _(_m,,) ayn,_c _u_.; _l_v e, _tm_, _

RN/L RN/L Gnlt _eynOld_ number; _r m, p_r ft "

• V velocity; m/s_c, rt/se_ '

BETA sngle of sideslip, d@_re_s

¢ PKi a_gl_ _ rol_, d_Sr_e_

_fe_eh_e _ C.G. I_fini%iOhh

Ab. be_e _es; m_, ft_

c._. c_%er of _eVity

LR_F _e_ef,_.nceI_ or _Ing _e_

C _ef(k_ynaMi_eh_d_ M, ft ,

S _R_ _ih_ 8_es O_ _efe_ a_ea; _, ft_

M_ _of_eht_fe_e_i_e p_t6t

XMRP momefi%_e_erefi_ point off X aria

mom_n% _e_e_nee _oifi_ en ¥ a_i_

_P. mSm_iit _efe_ehce p6tn% 5n Z aXi_ ......

B bas_
i Ibc.i
s sta_i_ e_ditibn_
t %_tel eOnditi_n_

f@ee st_e@m

_Ii _ I _ _ i i _ i I M . _ II_I _ ii _ _ I _ ..... _ i i i I
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CN CI_ noi_n_l-force co_fi_.ic_%; _cemel ,fbrc_
. qS

CA _A_ axisl-fo_e_ e_e_gici_t: '_ihl _Or_ (u_Cbrteeted)qs

C_ CY _Ide-fo_ce coefficient; _id_ ,_ee _ ""
qS

CAb CAB b'i_c-fol,ec cO_r_iei_t; b_s_ _6rc_qS

CAr CA? i_o_bO_ nxi_l f_rd_ e_effi_Lc_t, tA -.U_b

Cm OLM piteh_hg-moment c_effieldn%; pitch_n_ .m_nt

qSL_

Cn 6"/N _dWin_-m_m_.nt eo_ffidient; _w_.n_ _od_n_
_Sb

O_ 6'BL _ollin_mo_en_ e_ef@_elent: _9111n_ _om_n_
q,_b

CL CL li_t coef_idien_; li_'

CD CD d_a_ eOe#ficient;

CDb CDB bsse-d_u_> c6ef@i_icht; b,sc df_qS

CDf CDF, _o_050_7 d_t,g coegficien£; CD - _D_

Cy CY ';idc-l'_reecoefficient| "I.i_e $ore_
qD

Cm C_4 pitchln_.-m_n_ht e4)_f_i_nt; _%_hi_E._om_h$

C CL_ y:n_ing-momof,t coer_inicnt; y_w _Og ._mdnt "
n ,'qb "

Cj_ C_:L rolling-mo_hen£ _gici_,n£: ?._l.li_.monmnt
qSb

L/D L/D li_t-to-dr,,g r_,tio: C_C_

L/Df L/D? lift to fo_obod_ d_ag r_tio: c_C_T

13 OF POOR QUAZ/_
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NOMENCLATURE(Continued)

Ae nozzle exit area, in_

C_j RCSje_ rolli,gmomentcoefficient.(F_)/(qSb)

,;mj RCSJet pitchingmomentcoe@flclent,{T_m)/{qSc)

Chj RCS jetyawingmomentcoefficient,(T_n)/(qSb)

CAj RCSjet axialforcecoefficleht,(T)/(qS)

tNj RCSjet normalforcecoefficieht,(T)/(_5)

Cyj RCSjet sideforcecoefficieht,(T)/(q$) i

e nozzleexpansiohratio
l

h altitude,feet !
i
I

Ri modelnozzlethrustcalibrationfactor,Ib_/pg_a

_ RC$nozzlerOllingmomentarm,in

_m RCS nozzlepltchihgmomentaPm,_n

_n RCS hozzle yawingmomentam, ih 1

!_OPb O_blte_bodylehgth,in

LH lefthand )ida

mj RCSjet mass flow _ate, lbm/se¢ i

Mj RCSJet exitMa_hnumber

N_ N(_) RCS_11 Jet ampllficatlonfactor.(aC&)/(C_j)

14 I

t
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_ NOMENCLATURE(C6ntinued) ' '=J

Plot
Oettnttton

Nm N(PM) RCSpitchjet ampllflcatlonfactor,(aCm)/(Cmj) : .._

N_ N(YM) RCSyaw jet alilpllflcatlohfactor,(ACM)/(C_j)

NA N(AF) RC$axlalforcejet an_li_i_at4ohfaetor,

(ACA)/(CAj)

NN N(NF) RCSnormal force jet amp_iffGatioh factor, " :,,_
(ACN)/(CNj}

Ny N(SF) RCSsideforceJet ampllflcationfactor,(ACy)/(Cyj)

Pc PCRCS model RC$nozzle plenumchamberpressure, psta

Pj RCSjet exitibt'_ssure,psla _ ,._=,

RC$ reaction control system ,.J

RH rightha_(lSide .)

RT product o@ RCSnozzle gas constant and !
temperature,(@t-lb)/lb i

.!

T RCSthi'ust,lbS 1
i

Tc YCRCS RCS_hambe_temperature, °R j

U veloclty,ft/sec !

Uj RCSJet velocity, f_t/sec °.
i

Xo .Orbttee longttud4nal stattOti, tn• (
Yo Orbiterlateralstatton, in !

Zo Orbiter verttcal stattoni tn

AC_. DLTCBL tnthe_iehtal rolling mbme,t coeti_tci_t due
tO RCSjet IntePactlb_

. I

' IS i

, /
,.j.:.-

.-- " ............. i llll l II . I lllll .... l _ . F i ._ !ll_. _ . t:}; " . _ ,X_;"!
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NOMENCLATURI_(COatinued) [" :"'_

Plot
SymbOl _ Definition

• •

. _ DLTCLM Intv'ementalpltchlhgmomentcoefficientdue
to RCSjet ihte_action'

ACn DI,TOYN increment;alyaw1ng momentcoeff4 ctent due
to RC$jet intePactlon, "

ACN 0LTCN 'InCremOnta_normalforcecoei-_fiOientdue
. to RCSjet interaCtiOn

ACy OLTCY increme_ta_sldef6PcecOefflcientdue
.... tO RCS_.etinteraction

ACAu DLTCAU _ncre_entalax]aifo?cecOefficiehtdue tO .RC5
Jet int_ractlon(uhcoPi-ectedfop basepressure) ,:

y Jet _as spedil_ic heat _atiO

_kTi su_ Of modelno))letht-uSteallbratl6nfadtOP(
fo)all nOz_le_inItalledon modeldur(nga
glveht(_t-uh_Ib(/p_la

e RCSnuzzle _n_,- d_g.

T/qA T/QA RC$thPu_t dtv_de_ " @eeeSt_eamdynamic
pressuPetii_eSUrilta,

T/QA-I one ;_etRC$thrustdlvid(,by ¢_o{tPeem
_hami¢ pressuretlme_ur.ltarea

AN_ 0N(RM) Intrenlen.talR(_Sc)etampllflcatlonfacto_-
to11tng moment

ANm ON(PM) 1fitPe_ntalR0$ Clet4_mplii_i{atiOni_actO_-
pitching r ,ment

&Nil I)N(YH) i_¢_'(_li_ta)R{SJetanllblli_ICa.+,iofifactor,.
yawlng_iomedt

ANN t)N{NF) 1ficremehtalR_)jet afnl)lifitatlohl_acto_-
_ormal i+brc_

."t••

• __,.. ._ ._:. ::. :'_...... _ ..."" .... , .. _:_--_, ....... . : _:_ ":'-'-
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_" NOM_:NCLATURE(Goneluded)

Plot
S_.,ZmboI Sy_t.bol Oaf'{nItlOn

aNy ON(SF) inc_mentalRC$Jet ampllf(ca_:Ionfactor-
stde force

/
t

ANA BN(AF) incrementalRC)Jet amplif1_atlon@actor
axial@oy'ee

one_tandat'ddeviationf_omthemean

R c_mputedmean

_BF I_LAP Orbiter body flap surface deflection angle,
pOSitivedeflectiontPalllngedgedown,degrees

6e ELEVON •OPblte)elevo_surfacedeflectionangle,
posttl ve defleCti on trat 1tng edgedOwn, degrees _'

NO, JET numberof RC_ _tS @IPl_g

T£MP wingtemperature,degreesFahPenhelt



R(MARK

Afte_ be4ng subJecte.J1:oMath I0 a_r_1owat A dynaI_Ic]}r_u_e of

150 _Sf for a period oT time,wlnd tu_Belmodels te_d 1:oheat up to

temperatuPeS as'high a_ _O0°F. ThePefoPe, in an e@@oPtto determine

wh_theP or not niod_l heating could at_fect jet tnteractiol_ _eas_t'e_nents,

the model was i_sertedleto the tunheland data was taRen a_ the model

heatedup. At each data point the tefnp_ratureof tllemodel wing was re-

cordedby hand. Th_se telnpev'atu_cambe found _ Table VII. Both RC$

Jets-Onand RCS jets-off datawere taken as a functiollol_ w(ng te_nperatuPe.

Littleeffect was observed.

t
t

1B

,, f
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_i" CONFIGURATIONSINVESTIGAY_O

Three klhdS otmodel changeswere requt_ed fo_ this test: 1) body _:_=

flap,2) elevons,e_d 3) hon=metHcRC$ nozzleblocR_. Twentytwo

.nozzle blOckSwere usedtn tht_ test. Nozzie_ N43, N44, N47, N48, N4_,

N_O, N51, N5£, and N61were used tn tekts 0A85 and OA10_. No2t16_ N31,

N3Z, N33, N34, N36, arid N37were used tn test LA25. Nozzles N78, N79, '

N81,NB2,N83jN84,and N85were u_edIn test0A82. NOzzle¢Onflgu_t4Ohs

aresummaHzed in TableIV.

Two body_!apcOn_Igufatiohs,in.addltlOnto thezerodegPeesetting,

were tested. The body _ap deflections tested were 13.75° and -14.25_. _.,

S_mflarly, elevoh _eflect4ons tested were )0_ and -30e. "......

2_oL.................... '°-.. i ",ll "-- " "i"llII-"...... I' IlPlllll I II IIIIIr-I IIII I . ,_ _

O0000001-TSB11



INSTRUMENTATION _;_7

TI_ LaRCO.TB-t_ch stx-co_)onQn_ 2019A H_te_nal balb_Ce was used fnr _J

this test program.

No _odel base O_ balance chamber pressures wer_ measured durtBg the

_est. Yh_ RCSsupply pressure was set ahd monltored at the plenum chamber

betweenthe le_ hand and right hand RCS hotzleblocks. "_

'i

i
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The_Ch 10 nOZZleof _he Langley Coht4nUoUSFlowHypeesontcTunflel

t_ deslgnedto ope_te at _tagnatton pee_sure_,of 15 to 150 atmospheres

at tompe_ature_up to 19800R. At_ ts preheatee electrically bypassleg

througha multi-tubeheate_, the nozzle,as a 31-1nchsqu_e testsection

which1,¢Oepoeate_a moveablesecondmlni_um.OontlnuousopeeatlonIs
t

achieved by p&s_tngthe ate through a _e_tes of compressors. Additional

InFo_tloe oR th1_fac111tyts gtven lh NASATH X-1130entttied, "ChaP-

acte_]stl¢_ofMa_or ActiveHindTun_Is at theLangleyRe,eachCentee".

by Htlltam T. Soha_fee, ae.
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DATAR_DUCYICW_

Aerc_dynamlcforce_andmomentswer'_redUC_Oto coefficientformusin_ :-

thefoll_ino,referencedimensions:

ReferenCeArea:

S = o.)6gI_t2^(_8.736in2),modelscalO
= 2690.0ft_, fullscale

ReferenceLet!gtb_:

= 4.748irl.model_cale
= 414.0in.full._cale

b : 9.367in.modelsoale
= 936.7In.leul!_cale

/

Tile momentswere reduced about a momentreference center iocated at:

Orbiterstation10.76)at Yo = 0.00andZo = 3.7Bmodelscale

Xo --I076.7,Yo * 0.0,a_oZo = 375.0fbllscale

StandardLRCdatareductionteChn{(iueswere employedfor Peduclngthe

datatO doefflclentform.

Reducedcoefflclentdatawereusedto determIIieRC_jet i)It_ractlbn

amplicatlonfactor. Incrementalcoefficientdata (ACm, _C_,ACn_ACy,

andACAu)werecomputedto provideeffectsof RCSJets. Amplif(catlonfao-

to_swerecomputedfo?eachplaneof action,

" i
qse

Ac_ Ac_ Sb

I
z2
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OAYAREDUCTION(GOn_ir_u_d)

ACN _C.N._ ._S

NN = _ = .(.__.)T = Pe_.kt ACN _,

Acy = .Acv/=
Ny-= _cy

ACAu _ aCAu qS .
"A = _ T = _ aCAu

where

gm = RCSpitch Jet n_rnentaz_n= 4.523 _n mbdel _cale

_ = RCS Polljetnlor_entafro= l.llO in modelscale

_n = RCSyaw Jetmomentarm= 4.588 Irlmodels_ale

zki * sumOt_k_'S fOrall rlo_zles firingtn Me
)amethrustpla_e,ki givenIn TableVI

S._,b• as g(venabove

The _esUltlngfaCtOrs(N'_)Pepre_eota_lif1(:atlonof O_blte_aero-

_hanii_ i_oPcescausedby RCSjet Interaci:iofiwith theOfb(tePflowfield.

Theyape flormalizedby RCSje_ trlruststo alloweasyuse I_ cofltrolanaly-

sis.

_he lilcreifle,_alRCSjet afflj_llficatlOllfadtur_due to a controlsur-

facedefleotton _f ambu)lt "a" _ere ¢Oh/puteda_ follows:

z_
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DATAREDUCTION(Concluded) " ""

.: ANm = Nm_=_" Nm_=o

A_ = N_8_a - N_= O

ANN = NN_ - NN_=o

ANy = Ny_=a - NY_o

_NA = NAa=a- NA6=o

The_e facto_ (aN'_)representthe incrementaleffectof cOntPol /

surfacedeflectlohSOn RCSjet interactlon.

The incrementalcoef@Icientdata do not In¢ludethrust forcessince

the mOdel no_zle_were non=n_trlc. Incrementsand ampllf_catlonfactoP_

were computed for each force and momentplane using data Crom each nOZZle

that was tested. This provides both direct (e.g. ACm due to pitch jet}

and c_o_=coupllng (e.g, _Cm due to yaw jet) effects. Resultlngd_ta ave

_resented fh the data _tguPes,

I
Z4

J
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#
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BALANOEUTILIZEO:,LaRG),'UIgA ii [ " , . i i

COEFFtCItNT
CAPACITY: ACCURACY: TOLEI_ANCE:

m+ +.7o !b_ o.3S1_,s
SF ,,_. 2_ lbS 0.126 lbS

At-" 15.lbs 0,+01_lbg .._
f'M 70 tw1-1bs 0,35 tri-lbb +.'

RM - 15 l._+.Ib_ Q..Q.TB.trl.,lb!_ ,
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"I'ABL£1[][I. ', MODELDIMENSIONAl.DATA
.-

f "MODELCOMPONENT:, t]o_D_.,,_19 , _ _ _

GEHERAt.DE$CRiPI'ION: Fuselage. C6.fbru_'9to_ 2. t_a_.]_6e_.fe!l r •
.,,

._n_a VI,_-O30139g .............. ,..
I

O_t,1___ .fore___, _, ,, . _ .|

;,.

)_ODEI.SCAI,_so 03.0: , _ r" r" iii ii i i ii ii " i

: DRAWINg,NUM_ER: _."a_-_'_l"_ ,.., ,. , ............

L

DIMENSIONS: FULLSCALE MODELSCALE

Lanlth, In. _ 1,_,903

Fhteness Rotlo , , _ * 8_?_ , l _" _ _

Are_- _"c,2 , • .... ,, _ ,,,,,

Max.CrOss-$m:tl()hal _86.69 ...... O.O._ '

Plo_for_
I II I I I II I

Wetted I III I -- I IIIllll II I

Bas_, "

47
t

O0000001-TSD11



: J i

t,

_DDEL COklPONENT'. _v =,_p., F;. I

. ,,. ,_, T "" _.[.c_l " C- e

• " ir T • , , • / •,,

o.-...D 1

DRAWINGNUMBE_' 9_LVO.-O00__¢t
,= . • _

DlfdENSIONS', FULL SCALE MODEl SCALE :

Len_)th,.in. _ ....... O._M'.? "=

i
MaxWidth, In. _,'7.A _.6"t6

M._Oepth , ,

Fiheness_etiO ...._ , ,,."

Area - Ft 3 ................ , ......

MdX. Cto_=- _ectiafte] iiii i

Planfo.n ;U_.¢ ..... Q,95J_3

We.ed ,
[i ii im -i l mill

I
i

4_

., ,:' _,

00000001-TSD12



• MODELCOMPONENT;, _A_o_ - _,_ . ._

J
/

I "r r r i- "lrr "+ ml

DRAWINGNUIdBER' . '_U'to-Or_.lq -

fJ
DIM_N$10NS: FULL SCALE MODEL SCALE

!
L(_ngth(X6"-#433t_ lo_-57_) , In. 1_t_.0 1._50 "

MuxWidtll

M_xDepth

Flneries_Ratio

Atea , , ........

M(JX CROSS S(_tional• _ iii iii ii i i Ii ii ii ................ --

151anf6r_ 4

Wetted ...... I'll"ii i i i

l_dSe --._ ., , .. ..- .,

T
i-

_-_: : _: " " ...... _ "" ": c-:- : :_--T _ F ' " _': _ '' ..... _ n n_n ..... ' " mm i ....

00000001-TSD13



_'ABL_r[_ (_D)

i i i i i

OIM_N_[O_S,_ Fu_L.S_AL_ MOO_LSCALr

Span (equivalent),In. _3,_I, _,5_

Ieb'dequlvalehtchord,lb. . I_i,,?B l.iL.d

Outb'd equivaleet chOr#wZn. _ _ i _ r 0 " _ _ 0 ' " "0 _F. , . ,.
i

R_t_orm_vablesurface chord/ I
total suPfacecf_ord

At Iflb'd equiv. _hOrd , ,0._;)_, Q...20_ ";

At Outb'd equiv._hoPd _

SweepBack.Aflgles,degree_

Lead_ng (Edge 0,0_ 9,00 ,

Ta_ltf_9 Edge - 10,__ r10,2_. F

Area Mon_ent(NOPmaltO l_lege llne) -]'_:_ :L_et.O"/

t

l

5O

O0000001-TSD14



: r -- -- + r

DI_IONS: FULL S_l_ MODEL S_E

_Cd NO.

L_3th - iI_.
Glmbal POint to ,_It Pla_

ThPd_t LO E_It l_._n_ ..... . ,.

I_i_met_ - IIL *

_:v._ _,_.ooO. _.
Throat _ • . -.
Inl_t

_.re_- ft_
Zztt _ _
T_rOat ...... ;

GimSa! Pol_t (_tatlon) In.
UplS_r Nozzle

X
Y NOTus_

LOVer No_le_

•_: l_._.,,_ _
± _ ._.o. t. 0._0 ......

z _ __:_. ,
NuLL Po._itlon- 0_. ]

Upper NOzzle
Pitch

Y_w _OTOSED ...... , -,

/_tch
Y_w

ORIGIN_ PA_E _S .Si
OFPoO_q__

;: .--

i

00000001-TSE01



TABLE II(. (CONY'D) I '

_(]£L ¢OMPONEN_': NOZZLE _ N31

GENERALDESCRIPTION: RC) _o_._lepfov4diflg1eft-handpltch-dOwnControl,

MODEL _CALE: .010

DRAWINGNO.:

DIMENSION_:

MODEL SCALE

Flightdynamicpressure_imulatlon- PSF

Cant angle - deg.

Aft 12

OutbOard 20

Diameter- In.

Exit .Og90

Throat .og21

Area - In.2

Exit .O0_6gB

Throat .006662

Ar_a ratio 1.15

No. of nozzle_, '_

l
1

52
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..................................................;_...............................I......

TABLE:::.(CON_'D) "

MODELCOMOONENT:NOZZLE- N32

GENERALDESCRIPTION: RCSnotzle pPovtdtng PtghtLhand pitch-up _ontPOl.

MODEL SCALE.' .OlO

DRAWINBNO.:

DIMENSIONS.'

MODEL SCALE

Fllghtdynamic:pressuresimulatlorl- PBF

Cant angle - deg.

Aft 0

-!

Outboard 0 1

Diameter- .In. ,I

Exit .OggO :

Throat Og2l .I• (
A_ea - In.2 I

Exit .007698 !

Throat .006862 ]

Area ra_;iO 1.10 "_!
NO. Of noz_le_ 2 i

t

(

53

¢

00000001-TSE03



TABL_III. (CONT'D) .1 ; '

MODELCOMPONENT:NOZZLE- N33

S_N_RALD_CRIPTION: RCSnozzl_topeOvldeleft-handyaw cOntrOl.

MODELSCALE: .010

DRAWINGNO.:

DIMENSIONS:

MODELSCALE

Flightdynamicpressuresimulation- PSF

Cantangle- deg.

Aft 0

OutbOard 0

Diam_teP- In.

Exit .OggO

ThrOat .0921

A_ea - In.2

Exit .001698
=

Throat .006662 '

Area Patio 1.15

No. of nozzle_ 2

!
54
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,I TABLEIll.(CONT'O)

HOOELCOMPONENT_NOZZLE- N34

.... " _ENERALDESCRIPTION:RCSnozzle to prOvlde left-hand pitCh-down contPol.

MODELSCALE: .O_0

DRAWINGNO.:

DIMENSIONS:

MODELSCALE

Flightdynamlcpressuresimulation- PSF

Cantangle- deg.

Aft 12

Outboard ZO

Diamete_- In.

Ex4t .0B78

Throat .0520

Area- in.2

Exit .OOfiO5_

Throat .002124 i

Area ratio 2.85 t,

No. of hOz_le_ 2 i
1

#

00000001-TSE05



TABLEIII. (CONT'D) " l.;

MODELCOMPONENT:NOZZLE- N36

BENERALDESCRIPTtON:_,CStioz_le to provlde left-hand pi_¢h_up_Ontrol : _-

MODEL_CALE: .Ol0

DRAWINGNO.:

DiMENSION:

MODELSCALE

Flightdynamidpressuresimulation- PSF

Cantangle- deg.

Aft 0

Outboard 0

Diameter-In.

Exlt .0878 1

Throat .OBEO r

Area- In.2

Exlt .006055

Throat .002124

Arearatio 2.85

No. of nozzles 2
i

!

q

I
56
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_ABL_III. (CONT'O) ":_

MODEL_OMPONENT:NOZZLE- N31

GENERALDESCRIPT;ON_RCSno%tle _o pfovtde left-hand yaw contrel,

MODEL SCALE= .010 . _ r

DRAWINGNO.:

DIMEN$IONS:

MODEL _CALE

Flightdy.amlCpressuresimulation_ PSF

Caht angle = deg.

Aft 0

Outboard 0

Ola_eter- In.

Exit .O8_B

Throat .0_20

AP_a _ In. 2

Exit .006055

Th_at .0021_4

A_a ratio 2.8_

No. of noz%1e_ 2

57
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TABL_Ill. (¢ONT_D) "1

MODEL COMI}ONENT:NOZZLE - N43

_ -_
_EN_RALDESCRIPTION: RCS _oztle t_ provideleft-haVldp_tch-dOwncontrol

:o _imulateentry,

MODELSCALE: .OlO

DRAWINGNO.:

DIMENSIONS:

MODEL SCALE

Flightdynamicpress_t'esimulation- PSF S

Cant angle - deg.

Aft 12 .

Our.bOard 20 J

D_a_t_r- I_.

Exit .12g

Throat .0465

Area - In.t

Exit .013070

TlIPoat .001698

AreaPatlo ),70

NO. of noztles 2

I
58
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I TABLEIll.(CONT'O)

MODELCOMPONENT:NOZZLE-N44

GENERALDESCRIPTION:RCSnOZzle tO provide _tghtLhand pttch-up cOAtPOl

to simulateentPy,

MODELSCALE: .OlO

ORAWINONO.:

DIMENSIONS:

MODELSCALE

_lightdynamicpressuresimulation- PSF 5 r

Cantangle- deg.

Aft 0
.i

Outboard O

Diameter - In.

EXlt .129

ThrOat .0465

Area _ I_._

Exit .Old070

Throat .001698

Pr_a ratio 1.7

NO. Of noZzle_ 2

59
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MODELCOMPONENT_NOZZLE- fl47

GEN£RALD_$CRfPTiON:RCSnozzle to prOvlde left-hatld pitch-downconte0i =

to simulateehtry.

MODEL,SCALE:'.Ol0

DRAWIN(_NO.:

DIMENSIONS:

MODELSCALE

Flightdynamicpressuresimulation- PSF 20

Canta_gie- deg.

Aft 12

Outboard 20 '

Diameter-In.

Exit .117 "

Throat .0465

Area - In. _

EXit .010751

ThrOat .O01Bg8

Arearatio 6.33

NO. of _o_zles 2

1
1

6O
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[, TABLEIIIo (_N?'O) :_--

=

MODELCOMPONENY_NOZZLE- N48

GENERALDESCRIPTION:RC$_oztle to provide _9ht-hahd pitch-up COntrOl

tO slmulateentry, " '

MODELSCALE: .010

DRAWINGNO.:

DIMENSIONS:

MOO£LSCALE

Flight dynamicpPessureslmulatton _ PSF 20

Cant angle - d_g.

Aft 0

Outboard 0

Diameter-In.

Exit .117

Throat .0465

Ar_a- In.2

E×It .Ol07Bl

Throat .001698

Arearatlo 6.33

No. of nOzZles 2

I
o

61

@

O0000001-TSEll



YODEL S(_AL_:0.010

DRAWINGNO.: SS-AOII60-19

Flight dyt_mi_ _re_t_e _i_ulatiO. -_8? _0

Cant A._ie - de_.

A_t 12

O_tboar_i

Diameter- _n.

_ Ex£t O.Im

Throat O.06?0

Are& Ratio 4.4_0
J

No. ef no_les

m
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i ' TASL_ZlZ(CO_,D) ";I
i

MODEL_OKeO_f: NOZ¢I_- N_O

MOPgLSCALE_0.010

DRAWINGNO.: SS-AOII_O-20

DIM_SIO_: __ODELSOALZ

_llgh_ d3en_le pressure _l._l_tion- PS? _0

Aft 12 -_

Out1_a_d 20 -"

Dia_ete_ - In. O.l&l

•. _t 0.151

Throat 0.0670

Are_ _ _n.;_

E_t 0.01561_.

Thl_6at 0.0039_

Area ratio _.430

No. of no_les :_

63
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I ' I i '

%

r,

t

C_-r_._LDESCRIPTION: ._QS_o,-,zi__.%Vldi_ _¢%-ha_, v.,,r_c__._£',t:
W

s_ulat_ r.,_,,_._,ola_._h _d._.,- (RTL_:).

91_' _O_S: _ODEL SOALE

_'_i_,b%dTn_i_ l_ssu_e slm_Latlofi-l_F

Aft 0

O_tbc_ 0

bi_eter - In.

_oa_ 0.o67o

A_a - _n._

Ex_% o.oi_61_

Th_6at 0.003525

Area _'atlo _._30

NO. of nozZle_ h '
5

%

¢

'_ 64

%

e';,
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TA_'L_Z:11(00_,D) ''I

HOOFS.,¢_N_T: N0Z2_,_::- N52 !
?_LAL f)_.S_R_PT_ON: R0S nozzle }m.ov_.dlng l'i_ht+.hand pi_h..up oo_t,_.@Z

to _i_ulate rettt_,to launch site (RTL_). ::

MODELSCALE: 0.010

DRAWINGNO.• oo.-A01160-12

OL_SION_: MO_'/+,,,,S(_A_

Fli_ht dynamic pressure simulation - PSF _0 -"

Ca_t an_le - deE.

Aft o

(_tboa_ 0

Diam_te_ _ In.

E_it 0.i_

Throat O.O670 '

Ar_a - I_.2

E_it 0.01561_

65
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TABLEIll.(CONT'D) "[" " _"

MODELCOMPONENT:NOZZLE- N61

GENERALDESCR_PT}ON:RC$ flozz]eto provideleft-handyawcOntrOlto

simuleteentry.

MODELSCALE: .010

DRAWINBNO.:

DIMENSIONS:

MODELSCALE

Flightdynamicpressueesimulation- P_F 5

Cantangle- deg.

Aft 0

Outboard 0

Diameter-In.

Exlt .129

Throat .0465

Area- in.2

Exit .013010

Throat .001698

Area _atio _.YO

No. of nozzles 2

I

66
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]; TAB_Zfix(COWr,D) .....
MODEL C_(PON_T: NOZZLE _ _78

_EN_AL DESORY_ION: RCS nozzle peovi_An_ ei_ht_hand _m-flrlng

eont_l to simulate_etu_nto la,mchsite(RTLS).

MODF_5SCAL_: 0.010

DRAWIMG NO. : S_-AOII60

DI_SIONS: MODEL SOAL_:

Flight dynamic pressure simulation - PS? 20 "_

Cant angle - deg.

Aft 0

Outboard 0

Diameter _ In.

Exit 0.I_I

Throat 0.0670

Are_ - In._

_xlt 0.01561_

_r_t 0.003_

A_ea z_._io _._30

N6. 6f n6z_L_es 1

fi7

i
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i i. L i r

TABLE II_ (_O_T'D) I
1

MODEL COM_ONrE_T_. NOZZLE - _

,_" _ ,__AL DESCRL_TION.' R_S nozzle providln_ l_?t-b._,_'._.,ch-_own"-'ontrOl

to simulat._ _t_l_h t_ laU.c, slt_ (RTLS).

"ODEL SCALE. 0,010

D_AWING NO.:

DIME4SIO._: MODEL SCAL_

Flight dynamic _ressttresi_ulatio_ -PSF 20

Cant angle - deg.

A_t I_

Outboard 20

Diamete_ - In.

EXit 0.I_I J

Thr_t 0.0670

Ar_a - In._

Exit 0.01561_

Throat O.009925

Area ratio _._30

No. of nozzles 1



TABLE I_I (CONT'_)

MO_EL CO_PO_Y.' _OZ2J_ - N81

GENERALDES_RYFTION: RCS _zl_ p_vidin_ l_t-hAnd pitch-up_o.t_ol

to slmt_lateretainto l_u_h site (RTLS).

MODEL SCALE: 0.010

DRAWINGnO.:

DD_ENSIONS: MODEL SCALE .-"

Flight dynamicpressttresimul&tion- PsF 20

Cant a_gle - De_.

Aft 0

Outb6ard 0

Diamete_ - In.

Zx£t

Throat 0.06?0

A_ea - In. _

Exi_ 0.01_61J_

Th?bat 0.00352_

No. ot no_zle_ 2

0

69
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TABLE III (CONT,D)

MOD_LO0_O_T: _OZZLE- N82

MODEL DESCriPTION: EO:3_oZ_]e providin_ right-hahd plth-u_ centre,/

to simttla£er_turn to iauhch site (RTLS). ' '

MODEL SCAL_: 0.010

._IM_SIONS: MODELSOAL_

Flight dynamic p_essute simttlation_ PSF 20

Oant angle - d_g.

.Aft O

Outbo_d 0

Diameter - In.

EXit 0.141 ,

Throat 0.0670 '

Area - In._

Exit o.oI_6l_

Throat o.003_5

Are& _atio &.A30

No.o_ noz_l_ 3

I

lO

!
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i_ I 1 i

.

TABL_Ill(CON_,D)

_C_AL DESCriPTiON: R_S noz-_le_rovidin_ l_ft_ha_d pitch-4own _ont_ol

tO sim_Ate _et_n to la,mch si_e (RTLS).

MoDZtSCAL_:0.010

D_AWfNG NO.:

DIM_|_IONS: MODEL SCAL_

_ligh£ dynamic _res_h_e sltnttlat_on- p_? _0

Cant angle - d_g.

A@t 12

Ch_tb_r,i 20

Di_,_te_ - _n.

Exit {_.1&l

_roat O.O&?O :"

i_ea - In.2 I

J
'£xit O.OlS_l& ;

Thr(,at 0.003_2_

Area #atio _.I_30

No. O_ no_zle_ 3

71
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TABLE Ill (C_T,D) l
MODEL CO_P_NFRIT:NOZZL_ - NSA

/ENERALDESCRIPTION: RC3 _ozzlep_¢_din_,r_p_t-_nd T,1._h-u_co_rn'

%o si_,ulaf,e ._t_;Pn +,'J]a*Jneh ::Ire(I_TLZ).

MODEL JCALE: 0.010

DP_WINO NO. :

F,IMF/_IONS: MODKL SCA_&

Fli_ht i.v_amid pressure _imulabion _ DSF

Oant angle _ _.

Af ˜�0

O_tb_ard 0

Diamete?_ In.

Exlt 0.I_i

I

Area _ In.2 I
.i

F_z_t O.015(_14
I

thr_ 0.0035_5 !

Area rati5 &._]O I

No. 6_'noZZle._ 2 I
i

•

I

!

- j
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.._
l,

"1

;_ TABLE I_I (CONTIb)

_" : " MODF,L 0OMPO_IBN_;NOZ£_, -__85

"- _AL DE_C_I_ION: RCS noZzl_poovidtn_l_t-hand _Id_-_._i_g

- to sl_ulat__t_ to launch-slt_(RTL._).

_ob_t SOAL_: o.01o

DiME_SIO_: MODEL SOALE

Flight d_ila_i_ p?esSUP_ _imulAtiOn - ._3F 20

Aft 0

O_tb_a_ 0

Diamete_- In.

Exit 0.141

'I_o_.t 0.06?o "

Area _ In.2

F_it 0.01_14 ;

Thr_t 0.00352_

Area rati_ /¢.I_30

No. of n_z_.le_ 2

73
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. l, I J J .,I.r _ .'
I I I ' t I
+ ,I

I

MODELCOMPONENT• _ _. t4,. , .... - I

GENERALDESCRIPTION'+ R_io cqnti_ura¢to. 3A _Pj___._+.:_..

•. - ..... ' -a .... _ w 1,41. :

t • | r -_ r rr • i i

.v.O+.J+L,,+.,ICALE:.010 . + j,.+, ,, ....

DRAWINGlqUMBI_R VL?O_;t+gBl I' ir ........... _ r,.ll+

DIMENSIONS: FULL SCALE MODELSCALE

Length 31,.6.0 3,/,60

MaxWidth :lOfl.O , ., 1.08_

MaxDepth .. 11,3.0 +' Z,I_O .

FinenessRatio .......................

Areo

Ma_.Cross--,Sectio,_l ....... , ..

Planforrn t •.....

Wetted .............

Base ......+.................................

StAti6_of aft e_d bt RCS _o_¢le
bl_dk i_60 15.60

I
•: 74

': ]
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, l i ,

ii ii i i • i ii t I_ IL I

DIMENSIONS: _ULL,-_CALE MODELSCA_r

Area- )t2 I.OpA) o.0_00
I i rail J' ' i

Span (e_ulvaleAt),Zn. pOl.O0 ._.01o .

I Inb'dequivalentchord, I.. .,.91,5B_ 0,9_8

) Outb'dequlvalehtch_rd_ In, _0_)3, O,90B _l
Rati_ovable suf@acecho?d/
totalsbr_ac__hord

At Ihb'd equiv. ChOrd o._00 i 0_60_ --

At Outb'dequiv,chord _ _ (

sweepBack.Angle_,degre_ (

_eadihgtdge . ..

Tallin_ _dge . _&,P5 _ ._6,._} "

Htngeltne 3_,e) 3_.e_
(produe_ _t Area & _) _

AeeaMOment(Ne_,m_-_-h_a_e-++me)_tJ _lb,g_ O.OpO610

Me_n Aerod_tna_,_ Cho_d_ _h. _3.2 0._32

75
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TABLEIII (CONT'D) ,

MObE%COm"ON_.*V_ZCt:_ ,. V'7
r rl i __----U-__ " II r _ II i

t

wlth Pounded lead_n______P,94/.e, , .....

_OD_L 30._LE! O_OlO .

DP_,'_/INGNUM_.]R: _ _,70.4X)01 _ , _ , ..... _ ,.... -

D_:N3131_3: FULL SCALE MODEL ;IC_'L_

TOTAL _T_.

_mea (Th_O)- _te

sin. (T._o)- In. _ls.Tz
A_pect Ratio 1.679. • i,_7_.._._
_te of _ 0,_07 0,507 ._
Taper Ratio _' O,&O& 0,_4 ...
SW_e_-_ek Angle_, iMgree_.

0,_ E1_me_t Li_e _ _I.I_0 _ .;

Cho_'ds:

_,o _.!g_.81 . ___LJ_.'e.___

w.P.or ._5 MAc _ &,s_s _
_.L. of ._5 :_C 0.00 0.00

Airfoil _ec_tom
Leadir_ Wea_e ,_rl_Ze - De_. i0.00 i0.00 __

_aain_ Edge I_diu_ 210 .... __

voi(_,_re_ iSn.7 O.O01X._..

Blanketed _.'rea ..0,00. 0.00

1
OF POORQUA_I_ 76
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TABLE V. - $IMULATIONPARAMETER_ I

q_ = 20 PSF RTLS abort sepav'atlorlsinlulatlon

A. _r_eStream Conditions_ Free Flight Wind T__znn_t

DynafnlcPreSSUre q 20 psf 150 psf
Ma_h number M 7 10.3_
•R_ynolds No. RN/L I._3x106 Ix10_
AItitude h 200,000?t --

B. RCSJet Characteristids P_otO_vpe ___o._Le_l_

ChamberPreslu_e Pc I_0 psla_ 140 psi
ChamberTemp. Tc 5450 °R _20 UR
Spe_ificHeat :Ratioy 1.232 _..4
ExpansionRatio e 20 4.7g2
NozzleAngle o g_ 34°15'
EXit Area Ae 72.382 In2 0.01567in2
ExltMaCh No. M. 3.g3 , _.13
Exit Pressure P_, 0.643 psi 3.136 psl
Mass Flow Rate m_-( 3.287 Ibm/_ec 0.01067Ibm/set

M_ 903,46 lbl_ 0.67_ ibm. "
Mob,tentum TJUjThi_usT. g50 lb_" .712 ibs.

C. Jet to _reeSt_ea_ Full scale
P,aPameter_,(SPel_ - I ft2) Eree _1_dht S_mulatiOn

ThrUst T 47.5 47.5 (MatChed)
Ratio q_-_-r'_f

Mass F1ow mJ . 26.4 50.B
Ratio p U SreF

Mo_hehtufn M_ UJ 45.1;_ 4_ (Matoh_d)
Ratio q SPef

P'ressur_ Pj . 2_4 224 (Matched)

Ratto " P
I

PlU_ Sha(_e Boundary u_ 1:o (ROughly ' '

ImpaotstattO_ MatChed) i

Rey_o1ds Nufnbev"based Oft Orbit_P ]_ftgth _'O_b_ 10_=5 i_t.

80 '"
I

F, .;"
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TABLEVI. - THRUSTCOEFFICIENTFACTORS

kt = T/Pc
Ga_ lbs/pstaJet

N_I Air 0.00692

N32 Air 0.0073B

N33 Air 0.00792

N34 Air 0.00266

N36 Air 0.00261

N37 Air 0.00300

N43 Air 0.00250

N44 Air 0.00245

N_7 Air 0.00237

N48 Air 0.00237

N49 A_r 0.00920 4

NSO Alr 0.00B24 i

NS_ Air 0.01620 i

N52 AlP 0.00920

N61 Air 0.00221

NT_ AI_ 0.00450

N_ Air 0.00<60

N81 A_r 0.00900 ,;

N_2 Air 0.01356
, !

N83 Air 0.01356 i

N84 Air 0.00886 i

, " N85 Air 0.00904

51
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